According to conventional wisdom, 17 years elapse before a new element of validated clinical knowledge nds its way into routine clinical practice in the United States (1) . Although there is undoubtedly considerable variance around this estimate, the latency between biomedical discovery and care implementation is clearly too great. A more e cient, e ective, and safe health care system requires a more rapid progression of knowledge from the lab bench to the bedside. Adoption of health information technology (IT) and trusted "meaningful use" (2) of patient data can help speed this process. In this Commentary, we present our vision of a nationwide biomedical learning system and describe the key contributory roles of meaningful use and additional components required to move the United States in its entirety toward this critical goal.
THE POTENTIAL: HEALTH IT ADOPTION AND MEANINGFUL USE
e American Recovery and Reinvestment Act of 2009 introduced the concept of meaningful use of health IT to improve health care and population health across the United States, and authorized the payment of incentives to eligible health professions and hospitals that achieve meaningful use. Meaningful use requires adoption of certi ed electronic health records (EHRs), secure mobility of health information, and reporting of quality measures (3) . As the United States progresses toward President Obama's goal that every American will bene t from an EHR, massive amounts of clinical information will be stored in electronic form (4) . At the same time, achievement of meaningful use of these EHRs will enable this clinical information to ow securely from the site where it was collected to a di erent location where the information has an authorized use. In practice settings that achieve meaningful use, the clinical information will be represented using precisely de ned standards that have been adopted for use throughout the United States. Standardized representations ensure that the meaning of clinical information is preserved as the data move to new locations. e accumulation through EHR adoption of these computable, liquid, standardized data creates an enormous potential for the U.S. health system to conduct clinical and translational research, assess and improve the quality of health care, and survey the health of the public at speeds approaching real time. ese goals can be achieved by moving data, on an as-needed basis, from the panoply of locations where they are collected to one or more investigative centers where they are aggregated and analyzed for a speci c purpose. Rapid data aggregation enables the creation of large, scienti cally valid samples that can then be used to draw powerful inferences about populations. When this process can happen routinely, with mechanisms in place to establish and maintain public trust that the process is secure and private, the nation will have progressed signi cantly toward establishing a so-called rapid-learning health system (5) (6) (7) .
Adoption and meaningful use of EHRs are necessary to establish a nationwide learning health system and to create a foundation for its construction. erefore, federal resources that directly promote the adoption and meaningful use of EHRs also move the nation toward a learning system (8) . However, while necessary, EHR adoption and meaningful use are not su cient to achieve this goal; additional components are required to achieve our vision of a highly participatory biomedical learning system in the United States ( Fig. 1 ).
THE VISION: A RAPID LEARNING SYSTEM
We envision a so-called federated approach to a national learning system. In a federated system, data remain in place until they are needed elsewhere for a particular purpose. Predicated on a policy framework that en- We outline the fundamental properties of a highly participatory rapid learning system that can be developed in part from meaningful use of electronic health records (EHRs). Future widespread adoption of EHRs will make increasing amounts of medical information available in computable form. Secured and trusted use of these data, beyond their original purpose of supporting the health care of individual patients, can speed the progression of knowledge from the laboratory bench to the patient's bedside and provide a cornerstone for health care reform. Fig. 1 . A nationwide network. Meaningful use of EHRs can spur the construction of a highly participatory rapid learning system that stretches from coast to coast.
Beacon communities

Biomedical research
Public health Health care quality improvement
State public health agencies
Community medical practices
Research institutes and industry
Federal agencies
Academic health centers
Health information technology organizations
Hea Bio i l improvemen qua " " sures public trust in the process, organizations that are members of a learning system are eligible to place queries to all other members who would then provide relevant information to address the query. Following are some examples of how such a learning system might operate. Example 1. An institution that is planning a clinical trial for a new drug to be tested in a speci c class of patients wishes to know if a su cient number of such patients exists to support the trial as designed. is institution places a query to the learning system: "How many patients who meet these speci c eligibility criteria does your institution have?" All members of the learning system would receive the query, and many would reply with an answer expressed as a numerator (the number of patients who t the criteria) and possibly a denominator (the total number of patients evaluated) as well. is allows the institution that is planning the study to determine whether the proposed sample size is feasible and to develop an appropriately designed strategy for patient recruitment.
Example 2. An outbreak of an infectious disease occurs in a speci c part of the country, and the disease begins to spread. Once it is apparent that an outbreak has occurred, the learning system is mobilized to track the disease's spread. As new cases are diagnosed, these data are stored in the EHRs at health care practice sites. In response to a daily or more frequent query, electronic case reports are moved from each practice site to aggregation points in the local, state, and national public health system, making possible realtime nationwide surveillance of the spread of the disease. Example 3. A new drug is approved for routine use. e learning system is engaged to monitor the new drug's safety. As patients begin using the new drug, any side e ects anticipated from the clinical trials are captured in the EHRs as part of the health care of these patients. In a manner that ensures individual privacy, these ndings may be routinely transported in an automated manner from the EHRs in which they are collected to federal oversight agencies and to the company that is manufacturing the drug. In addition, researchers who suspect unanticipated adverse events could send a query to the learning system to ascertain the prevalence of such events in a national sample. In both scenarios, the reports supplied by participating members include, not only the occurrence of the event, but also contextual data that aid in the interpretation of adverse event information.
In example 3, the myriad clinical data obtained from large numbers of patients who are taking a new drug may reveal that patients who display particular physiological characteristics would bene t from a modied dosage of the drug. ese ndings can lead to the rapid development of a decisionsupport rule, compatible with almost all deployed EHRs, that is nationally disseminated and incorporated in the decision-support components of these EHRs. When the drug is prescribed, the rule will generate a suggestion to modify the drug dosage in only those patients for whom the change is indicated.
Each of these scenarios demonstrates how the time for disseminating new scienti c achievements can be reduced from the current average of 17 years to 17 months, 17 weeks, or almost real-time through a nationally scaled and connected learning system. e system is currently conceived as a voluntary membership organization. e incentive to join rests on a principle of reciprocal bene t.
ose who agree to make their data available to the system for response to questions from other members can place queries to the system themselves. e greater the size of the system, the greater the validity of the inferences drawn from the studies it enables. In the future, a global learning health system might be achievable through agreements among individual nations or engagement of multinational organizations such as the European Union, which has outlined such a system for its member nations (9) e federated approach to a learning system contrasts sharply with more centralized approaches-typically employed within single organizations-that establish large, persistent repositories of clinical information. In a centralized approach, data are moved to a central repository in anticipation of future uses, before there is a speci c need to do so. Large amounts of data reside in these repositories for extended periods of time. is approach is unlikely to be workable on a national scale. Organizations are understandably reluctant to move data beyond their own boundaries absent a clear and speci c need to do so-and patients will be less likely to consent to allow this to happen. While the U.S. federal government does have the authority to require reporting of limited data concerning speci c conditions that affect the public health (10), we believe that a voluntary system with reciprocity of bene ts is more likely to gain widespread acceptance and support among patients, care providers, academic and industry researchers, health system administrators, and other key stakeholders.
Several organizations have built learning systems for speci c purposes aligned with their missions. Examples in the private sector include Kaiser-Permanente and many academic medical centers, such as the Mayo Clinic, Intermountain Health, Duke University, and the Cleveland Clinic (11) . Exemplary federal initiatives include the U.S. National Cancer Institute's Cancer Biomedical Informatics Grid (caBIG), a network that connects the cancer community, and the integrated health information systems of the U.S. Veterans Health Administration (12, 13) . Collectively, these e orts represent an enormous base of experience upon which a nationwide e ort can draw. ese various initiatives have also demonstrated their potential bene tssuch as Kaiser-Permanente's early detection of the long-term side e ects of Vioxx (14) . However, none of these e orts can scale directly to serve the entire nation. In general, each organization has evolved its own approach to technology, standards, and policies, all of which drive each entity's learning system and are not easily separated from the institutions' particular patient care and business practices.
BUILDING ON MEANINGFUL USE
Taking the learning system from an idea to a working reality will require mutually reinforcing technologies, standards, and policies created in speci c anticipation of nationwide implementation. e national program to achieve EHR meaningful use will contribute many but not all of these.
Technologies. In many respects, the purely technical resources required to move data on demand, securely, and using the Internet as the pipeline already exist. A technical infrastructure for health information exchange, resting on a maturing infrastructure for broadband communication, is being established to support meaningful use. is infrastructure can be extended to provide the technical support for an expanded set of information exchange scenarios required for the learning system. For example, new services beyond those needed for meaningful use will support the asking of a question and the returning of an answer. Other services would support the secure transmission of data about a selected group of persons (rather than an individual patient) along with the metadata that describe the group.
Standards. Many di erent kinds of standards are required for the development of a " " rapid learning system. An accumulating set of data and communication standards that support meaningful use can be inherited by the learning system to help ensure that data retrieved from di erent system members are represented compatibly, ensuring in turn that the data can be aggregated and analyzed. In addition, the learning system will require standards for describing a question in such a way that all recipients and respondents will understand it. Standards for expressing the intent and design of a study are also needed.
ose conducting research and other investigative studies must know not only the results of observations, but also a great deal about how the observations were made. Data collected at di erent sources, even if the results are represented compatibly, will be amalgamable for valid research if and only if the observations were made using su ciently similar methods. is requires the learning system to standardize metadata that describe the how, what, when, and where of data collection. rough access to rich metadata, researchers will be able to determine whether the data from elsewhere in the learning system meet the criteria for inclusion in their studies.
Policies. While several components of the policy infrastructure required for meaningful use will be applicable to the learning system, many new policies will be required. e vision of a federated national learning system inherits all of the discussion, over the past decade and longer, regarding data re-use and data stewardship (15) . Public trust in the system is essential. A functioning learning system that supports clinical and translational research, public health information, and comparative e ectiveness studies requires resolution of data ownership, patient consent for data re-use, and other key issues in a sufciently consistent way to allow the system to function, even though it may not be necessary to require all system members to adopt identical policies. e policy structure will need to de nitively address patient consent for use of data in the federated environment. Where data ows can be initiated automatically, policies must explicitly de ne which functions can happen automatically and which ones require approval. A conceptual basis for these policies will ow from the privacy and security framework being developed to support meaningful use (16) . e system will also require a coherent but exible organizational structure as well as policies governing membership and the actions of members. e policies must de ne general eligibility for membership in and the speci c resources a member must bring to the system. Furthermore, these policies must distinguish between mandatory and optional behavior. For example: Under what circumstances would a member institution be required, rather than asked, to reply to a query posted to the system? Finally, policies must clarify mechanisms for how compliance of members will be monitored, and if necessary, corrected. e experience of the National Information Governance Board of the UK provides an example of how such a governance mechanism could work on a national scale (17) .
FINAL THOUGHTS: SLASHING THE 17 YEARS
e national aspiration for more e ective, efcient, and safer health care requires the kind of rapid learning system we have described. A learning system can dramatically speed the creation and validation of new biomedical knowledge and translation of that knowledge into practice. Existing examples within speci c organizations demonstrate the feasibility and signal the bene ts of having a system that functions on a national scale. We have described what will be required to build many essential elements of a rapid learning system. Although meaningful use of EHRs provides an enormous boost to this e ort, many challenges remain. e nation has only begun its progression to meaningful use. ose features of the rapid learning system that will not be direct byproducts of meaningful use will not build themselves.
Seen in this light, the nation's investments in EHR adoption and meaningful use constitute a "two-fer". ey will directly improve the care of individual patients and enhance some aspects of public health-and they will move the nation signi cantly toward the development of a rapid learning system. Carrying the nation the rest of the way to achieving a broadly participatory and functioning learning system will require coordination of e ort, within and outside the federal government, of individual organizations that will inevitably be investing their own resources to advance their own capabilities as learning organizations. To the extent that these e orts align with progress toward a national system, they will advance a national agenda as much as each organization's unique mission.
